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I

COMPUTER-CONTROLLED APPARATUS FOR THE MEASUREMENT OF .2
THE NORMAL SPECTRAL EMISSIVITY OF MATERIALS

1.0 INTRODUCTION

The optical properties of materials at elevated temperatures

have received greater interest in recent years due to technolo-

gical advances in material fabrication and the search for alter-

nate energy sources. Experimental data characterizing the high

temperature optical properties of materials is sparse, and hence -

a need exists for the measurement of thermal radiative properties

of such materials especially in the infrared region of the spec-

trum at moderate temperatures. This paper discusses one such

thermal property, namely emissivity, defined as the ratio of the •

radiation from the surface of a material to the radiation from a

blackbody at the same temperature.

The method of DeVos [1] was chosen to measure the normal

spectral emissivity of materials. This method involves the

comparison of the radiant intensity normal from a sample tube

surface to the radiant intensity from a blackbody hole in the

tube wall. Since the blackbody and the sample tube are essen-

tially at the same temperature, one only needs to take the ratio

of the radiation from the sample surface and the blackbody to

determine the normal spectral emissivity of the sample.

This paper describes a computer-controlled apparatus which

has been designed, fabricated and tested to measure the normal

spectral emissivity of materials in the infrared region of the

spectrum. Some unique features of the emissivity system include:

Manuscript submitted September 29, 1982.
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1. Blackbody and sample form a single unit at
essentially the same temperature,

2. Vacuum or inert atmosphere to eliminate surface
contamination,

3. Automatic positioning of blackbody and wall
images on entrance slit of monochromators,

4. Automated to ensure rapid data acquisition -*
and reduction,

5. Wide temperature range: 500*C to incandescence,

6. Broad wavelength range: 1-15pm,

7. Solid-state IR detectors for highest sensitivity,
and

8. Ease of interchanging samples.

The present system was designed as an engineering instrument

for the rapid assessment of the emissivity of materials with

tungsten foil chosen as the initial material to test the oper-

ation of the system. The tungsten foil, while 99.95% pure, was

not annealed and all results presented here are described by an
"as is" tungsten surface. The normal spectral emissivity data

for the "as is" tungsten surface in the 2-61jm region was approxi-

mately 10% higher than annealed samples. Most materials are

supplied without any surface preparation and data on the radia-

tive properties of "as is" surfaces will provide useful inform-

ation for the rapid analysis of such materials.

2.0 DESCRIPTION OF EMISSIVITY APPARATUS

The present system consists of the sample, sample chamber,

sample positioner, optical system, and data processing system..

Figure 1 shows a schematic of the complete system. Each section

will be described in detail.

2.1 Sample

The test sample was fabricated from a one-mil unannealed

tungsten foil supplied by the A.D. Mackay Company with a purity

content of 99.95%. The tungsten ribbon was then formed into a

triangular tube following the method of DeVos except that the

blackbody hole was 1.50mm in diameter as opposed to a .3mm

2
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diameter. The error introduced reduced the blackbody emissivity

from unity to .975 [2]. The blackbody tube dimensions were: 0

Length: 15cm
Triangular Cross Section: 0.6 x 0.6 x 0.6cm
Wall Thickness: 2511

Surface roughness measurements made at NRL [3] on the "as

is" tungsten foil indicated an average roughness of one micron

and waviness amplitude of 15 microns. Auger electron spectro-

scopy (AES) was used to determine the thickness and composition

of any possible surface contaminant. The results showed that the S
0

first 200A is composed of a mixed tungsten carbide-oxide layer
0 0

and after 200A-500A the sample is mainly tungsten. A thin layer
0

of 500A or less does not influence the surface emission proper-

ties of the tungsten sample appreciably. Therefore, the "as is"

tungsten surface was virtually contaminant free but not optically

smooth.

2.2 Sample Chamber

The design of the sample chamber is shown in Figure 2. The

outside body consists of standard stainless steel vacuum compo-

nents. The chamber was evacuated using an 11 liter per second

ion pump with an ultimate pressure of 10- 8 Torr. The chamber 0

pressure never exceeded 10 - 7 Torr during any of the reported

runs. Figure 2 also shows the connections of the tubular sample

to the vacuum feedthroughs. The vacuum feedthroughs were oxygen

free high conductive (OFHC) copper rods one-fourth inch in diam-

eter which have a maximum current handling capability of 150 amps.

These rods were water-cooled which allowed measurements of the

tungsten sample at incandescent temperatures. The tungsten tube

was first capped on both ends and then tantalum tabs were spot

welded to tungsten rods one-eighth inch in diameter, which in

turn fitted into set-screw sockets on the copper feedthroughs. A

tungsten spring which was needed to absorb the thermal expansion

of the tube was spot welded to the lower end of the tube. A 0

platinum, platinum - 10% rhodium thermocouple was placed down

4I S
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into the center of the tube to record the tube temperature below

.* incandescence. The thermocouple leads were insulated from the -.

- tube by alumina tubing. A Hewlett Packard (HP) power supply

rated at 10 volts and 100 amps was used to control the tempera-

ture of the sample from room temperature to 13000C.

2.3 Sample Positioner

In order to measure the intensity from the blackbody hole

and the wall the sample chamber had to be aligned relativa to

the monochromator entrance slit. The sample chamber was mounted

on vertical and horizontal linear translation stages as shown in

* Figure 3. Direct current torque motors were incorporated into

these linear stages by means of universal joints, and the limit

switches were added to restrict the total linear translation.

Relays were placed in between the motor power supplies so that

the computer was able to control movement of the translation

stage in either direction by controlling the relay on/off times.

In this manner linear displacements as small as one mil could be

achieved. The fact that the exact position of either translation

stage was unknown caused no concern since the intensities of the

hole and wall are the important parameters and the lock-in ampli-

fier signal is used in a feedback mode to determine these posi-

tions. The blackbody hole position is determined coarsely by

aligning the spherical mirrors of the entrance optics and deter-

, mining a relative maximum on the lock-in amplifier panel meter.

The computer then does fine adjustments to locate the blackbody

hole more precisely.

2.4 Optical System

In order to image the tube on the monochromator entrance

slit, focusing optics consisting of concave mirrors were used as

shown in Figure 1. Reflective optics have a dual advantage over

refractive optics in that the intensity transmitted is higher and

chromatic aberration is absent. The spherical mirrors were used

close to axis to minimi. -tj .Atism and coma, and produced an

6
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S

image of the tungsten tube on the entrance slit with a 2.0 magni-

fication. The arrangement was such that the optics remained

stationary and the sample chamber was adjusted for wall and

blackbody sampling. The slit on the monochromator was fitted

with a circular diaphragm in order to make the image of the

blackbody hole larger than the diaphragm opening which enabled S

the monocbromator to sample equal areas of hole and wall. The

monochromator was a Spex one-half meter (f/7) and with proper

change of grating covers the 2-15pm region. Filters were used

to eliminate higher orders from the grating and scattered light. S

A potassium bromide (KBr) window on the sample chamber allowed

high IR transmission in the 2-15um range. A Barnes pyroelectric

detector was initially used since it had a flat spectral response

over the entire wavelength region but it's sensitivity was not •

sufficient for low temperature (<7000C) measurements. Two solid-

state IR detectors which increased the sensitivity by a factor of

ten were mated to the system. An InSb detector with a 100Hz

chopping frequency covered the 2-5.5pm region while a HgCdTe 0

detector with a 1000Hz chopping frequency covered the 5.5-14pm

range.

2.5 Data Processing System

The signal from the solid-state IR detector was processed

using a PAR Model 186 Lock-In Amplifier and a HP 9825A desk-top

computer. A reference signal needed for synchronization was

sent to the lock-in amplifier by a PAR Model 192 variable fre-

quency chopper. The HP 9825A computer automatically adjusted the

range setting on the lock-in amplifier to give the best signal

on the appropriate scale. The values recorded, corresponding to

wall and hole intensities, were compiled by the computer and theS

ratio, i.e. emissivity, was calculated and plotted versus wave-

length in real time. In addition, statistical error analyses on

wall and hole intensities were calculated and error bars were

plotted on the emissivity versus wavelength plots. The HP 9825A

6



controlled all movements of the sample chamber and the wavelength

position of the monochromator.

3.0 MEASUREMENT PROCEDURE

3.1 Emissivity Measurements

The first step in this procedure is the fabrication of the

tubular sample followed by the mounting of this sample in the

vacuum chamber. The blackbody hole is aligned to be normal to

the KBr viewing window. The system is sorption-pumped down to
"10- 3 Torr and then the ion pump is engaged to bring the pressure

down into the 10-8 Torr range. The forepump system is then dis-

connected and the system is baked out to 125 0C. While the stain-

less steel chamber and sample can withstand much higher bakeout

temperatures, the KBr window is limited to 150 0C, therefore 1250C

was taken as a safe bakeout temperature. The system was given

about three weeks of temperature conditioning to allow the sample

to reach 1000 0C while maintaining a vacuum of no less than 10
- 7

Torr. All runs were taken in the 10 - 7 - 10-l Torr pressure range.

The initial step in acquiring spectral emissivity data was
to run the HP 9825A computer with the control program shown in

Appendix A. The wavelength counter and the motor positioners of

the sample chamber were initialized at the coordinates of maxi-

mum signal from the blackbody hole. Thereafter, the computer

performed all the functions needed to produce the emissivity

plots. The first step is the location of the blackbody hole

using a sampling of three consecutive points. The computer

moves the horizontal and then the vertical positioner in 16-mil,
4-mil, 2-mil, and 1-mil steps while finding the maximum of three

consecutive points. When it has sufficiently located the black-

body hole, the computer averages the detector signal for 200 data

points and then samples nine positions about the maximum sepa-

rated by 1 mil. These points are recorded and averaged as the

intensity of the blackbody hole. The positioners then move to

upper and lower wall positions, approximately 120 mils from the

9



blackbody hole, and samples nine upper and nine lower wall values.

An average wall value is calculated along with its standard devi-

ation. The results are printed out and a point is plotted on the

emissivity versus wavelength graph in real time. The computer

then moves the wavelength counter to the next wavelength position,

repeats this procedure, and continues until the wavelength region 6,

of interest is covered. In this way a quick estimate of any

significant deviation of the system can be analyzed before pro-

ceeding further. The data is then stored on tape in order to be

used for additional analyses. S

3.2 Temperature Measurement

The temperature of the sample is determined by the platinum,
platinum - 10% rhodium thermocouple for temperatures below incan-
descence and a precision disappearing filament micro-optical

pyrometer for temperatures above incandescence. The thermocouple

is located inside the sample tube and the optical pyrometer is

focused on the blackbody hole. In the region of incandescence,

the two methods agreed to within 100C. The pyrometer was cali-

brated against standards traceable to the National Bureau of

Standards and the maximum uncertainty is + 30C. All readings on

the pyrometer were corrected for absorption of the KBr window

and the plane mirror.

4.0 PRECISION AND EVALUATION OF EMISSIVITY APPARATUS

An absolute estimate of the performance of the present

system could not be made due to the lack of suitable emissivity

standards; however, estimates of the accuracy and precision of

the apparatus were taken from sample, optical, and electronic

sources of error.

4.1 Sample

The circular hole in the tungsten tube did not follow DeVos

criteria exactly and was not therefore an ideal blackbody. The

blackbody correction is a function of wavelength and temperature

but the error as discussed previously amounted to no greater than

10



2.5%. Due to the small thickness of the tube no correction was

needed for the difference in temperature between the outer and

inner surfaces of the tube. Since temperature gradients along

the longitudinal axis of the tube in the vicinity of the black-

body hole were less than 30C, this error was less than 2.3%. S

4.2 Optical

Since the optical path for the blackbody and wall is identi-

cal, no error due to the absorption of radiation is possible.

The calibration of the wavelength range using the mercury green

line was approximately + .041im. Scattering within the optical

system has been shown to be minimal by other authors using simi-

lar designs [4,5].

4.3 Electronic

The measurement of the emissivity requires the ratio of the

wall intensity to the blackbody hole intensity. The precision

of this measurement is controlled by the signal-to-noise ratio

of the data processing system. To calculate the precision, six

values at 2pm and six values at 6pm at 700*C were taken and the

precision was + .002 and + .001, respectively. All runs reported

represent an average of at least three trials.

4.4 Performance Summary

Considering all the systematic errors and the precision

involved in computing a particular data point as discussed above,

the overall evaluation of the present system is better than + 5%

with the major uncertainty in the non-ideal blackbody hole.

5.0 RESULTS AND CONCLUSIONS

As a test for the present system, the normal spectral

emissivity of the "as is" tungsten surface at temperatures of

7000C and 9000C from 2-6pm is shown in Figure 4. This tungsten

sample was not mechanically polished or annealed, but its surface

was cleaned using acetone, methanol, and distilled water. The

expected increase in emittance with temperature at wavelengths

Ii
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greater than the X-point is clearly shown. Figure 5 shows the

comparison of the emissivity of the "as is" tungsten surface at

900 0C with previously reported data [5,6] on annealed tungsten

surfaces in the 2-6Um region. The error bars on the graph derive

mostly from the statistical variations in the wall averaging.

These results show that the difference between specially prepared

or annealed tungsten and "as is" tungsten is of the order of 10%.

The present automated apparatus which was designed to measure

the normal spectral emissivity of materials was successfully

tested and its systematic errors identified. It is shown to

provide a valuable tool for the rapid assessment of the spectral

emissivity of materials. Its future use will involve the inves-

tigation of selective emitter coatings and the effect of oxidation

on the normal spectral emissivity of materials. This paper

presented only the 2-6pm spectral data. The publication of the

6-15um data is planned in the near future.
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APPENDIX A

The computer program which controls the emissivity apparatus

and calculates the normal spectral emissivity uses HPL, a high

level, formula-oriented language. While most of the program is

self-explanatory, some special features in the automation process

need further explanation. The control of the motorized posi-
lo

tioners takes place through relays in the multiprogrammer of the

HP 9825A and subroutine SOURCE MOVER controls 20-mil, 10-mil,

and 1-mil movements of the horizontal and vertical positioners.

Subroutines SETUP WAVELENGTHS and WAVELENGTH MOVER control the

initialization and movement of the wavelength drive of the mono-

chromator. Subroutine PEAK FINDER adjusts the positioners until

the maximum signal is found on the lock-in amplifier which corre-

sponds to the blackbody hole intensity. Subroutine RANGER

automatically adjusts the range scale on the lock-in amplifier

in order to determine the most appropriate scale and then sub-

routine READER takes the values from the lock-in amplifier. The

subroutine AREA SAMPLER-WALL goes to upper and lower wall

positions and records the average wall intensity. Subroutine

PLOT-PEAK and WALL AREA allow the plotting of the emissivity

versus wavelength in real time along with error bars based on the

standard deviation of the measurement. A copy of the complete

program is listed below.

15 .
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88: 254116 icT-tC~vC 162;264DC 17];2e7-';C 17 ];a74DC 13];5-E7-uL 18)
89: 294Dt 1911; 18CC19?];3 flE-D20];2eS.P(Ct20];31- ,D2I ];5es64GE:1 I
90: retU
91:
92:
93: "SOUJRCE MO'VER-20F':
94: if HMe9.: "risht2O"
95: if WO"b "left2(1"
96' if vWONz "uP2O"
97: if Y>Sg !b "down,20'
9S: ret
99: "right20":-for I=I to H 7
100: wr" 72$', " 05 7! IT' ;wc.ir t.O2.'Mw r t 72:3 'O8 p7 Th;a iv 25.0;next I re t
t101t "lef t2O" ;for 1=1 to -Hx F1-ct;rejON 'wrt 720 "h '879P Wr";wait 2180;''rt 72, "089,7y,9OLT"; wa.it 250;rt x e

lIAt vrt 7235<0B57, 10I T"3it 248sr 72, '08,7' 1:3,O T"ka.:i 350mnenct M~et.
10f5 : "dow.n28":for 1=1 to V
10'!: t 7239"08,7,11,T1'sait 22S0 wrt 72,C08,7g1'3T'.it 250;next Puet

08s:
1(19:
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t~~ 1:2 sb ri hI.1

.1

iI I" "30C;"E MOV.,ER-tOP": -.

11 it H-:% '. I sb " -rft O"
"

114: i f ' b "urI "
1i7: if V : i b do,.'nl'3"
116: r.t.

17: riahtif":tor 1=1 to H
1;3L : *, *rt." J , . ., 11T13 l" it 104 w;r. 7423;"!4B ;7,:3 OT"413;it "l"0 . .. . I

119: 1 s-t. . " For I I tO -H
120: ,r ( "0B,,'9, T";wa it c190;.rt 723 :"1OEs,7,9,LT" winit 250;r-e.t I ret
121: "up, 0t":For 1=1 to -V-2 ...-. "I ,S! , 10. IT";,,,a . 1120171:,,rt. " ., "OE: 0 , T i k. re ; ret
122 1,1 fib - lJs lid04
1 23: " ,.i., !0 for I ..o V
12,4: wrt 72:3,"O8s7,iltT";wdit 1i40,wrt .23,"O,7,i,)r";,,:t.25;"rext I;rez
125:"
127:

129:
1 .30: " ETUPF WAVELENGTHS":
131: er' a' .,rt 1,.J.e I r,-i,' t h (u " r,
13:- er, F E nd tv v ler.it h I,' ..'" r' 1
1-.:: i'p "i...-ler th irter,.,l ,up =? r32
134' if r. .I "rd r1<=4. no "21 1-4"
135I if ', -5 *kd r .1(;[t- "- 9.

1 f .' it f -7. 'n J r:-:II a2 3t ~ h12
137. i f t' 'f12 cind r'.I<=t15;3t o "1-15"
13,3 ' .. to "io run ... I

' 1-4"r* *v*c. ;rrt "N..-i n - inv# i9.'3' " ,-i"
140:., 1 ." prt " ;-d f i t .r 'L0 37-8"
14, - P k:
142: "3.5-6":p,' : £P : ;a rrt " e: -g r.,t i r n-3# 1501/mu "
14 .-, -,c. - . eed f i t e rI.03:92-9"
144: 84r", .t. "ok"

- 145: "6-12": _r. ,; i pc ;-rC I r't. "Ht ' jr at, in .# 7 ", m"
14;5:. : r; * r- , ;Prt e-I f'i t rer#L0 60?3:-9" 0
147: 169- ;o "ok"
1.4;3: "t2-1 .1t sP, ; :.:. r' ; i rt "H d ,rc t-..4# 75.3 mm"
149: :.- ;:S c ;Prt "Ne,-d f ilt.-rs Li0 32-9"

*V j t) tt W.)~t -'':k1 r, -. 1 5 run : s to ",,pl; "rru ' . s-_ , ;ort. "H,,- n .i . ;' t .: '..t ;, o i. ra.n~c " : ;= ¢ '

.54: b e e F, d p RO fl STOPPED";, .t * ' ; ".- p . . , 1 ; . I'F 0
f d1 '," . s S o ws , 0t . n t er to , 0 0iCn r -1.r 3 A r'.-WEI 11; i t1

154: ret
155:

*156: ..

157: "tAAVELE4GTH AOVE".":
S155': .,t. ;% "WF,6.2,2509',,' U,OF'16", k L-''-r 2 r 3, "T';d -r "h'Lr, , n..t? . r,i.th"
159: fo r I=! to 1O*w jt, 2. e r-.-- .. 'rS ' :ti; .
I6C,,,I L ]+rr2AWL+1; ,It 2%0C
16"1 rst162: ... " :163:

18 _



It'4- "EMNSSI'' I T' GRIP" -

G~ frr d t 1 t 13r~~jtJ~

* 1W.r7 L- 7i 1 , I l .il ' 'LN t 3 1
-t' rAE-c1'tT*

16,: FtretE

170: "SOURC 29HOVER- IAVaR LE": GTH -

172 -I .*E11 S ifV Io Ts " Y"

1 N45 ret

1 -7G

179: rSOURCE rEW;s IRfl" EMVE-R
I ,1- fH.,0 nb n "RANGER" "

Ii,: 0 sai 200b 'PEHDFP
j8 3.Q; ifb "PO .flGFR" .1i

2083-.: waIetwt 20;-3 "READER" "B C- e

205O: *fxd oin rt,'Qi 23 r0s. flT;Jat 14VE' )r1U -3 0 0 T e

107: for 0=5 t
205: r63*HM r- 4V; -b "OUPE MiVEIR"

S107: wai2 t 20'-"'--L-b "READER"

212': wi t "K, 1 ERD4 '-ER. "

21 "SORC MOVr4ERsb"t lHrl OV2-P
212. rt,3: 3-?INGr9Sr9v" -- Tb"AGR

* 21 0 wit ooo0;-gsb '"REHA'EF"
* ~217: rbNlr9O~F rr61 G r~ r~'m 1

*218G if vtax=O;Ar~lr2=6;m 2'
21'?: rimp r54 GIJr
209: rF44 r.3Wt-8r t-'4r9-s "RAGER

212. ifo 2 o1

19 w



223 ' s sb "READER''L
* ~ ~ 241 CC N r90+rO'rici:M N r90-K<C03) CjH Jr~ 1*rSor5 1; next0

226 for 0=1 to I 01 (003'-0rSO/I0)01+0r2-t r21next LI
221rSO/CI4FE Lj; r';r52Y10Ci)1CL 3

22 wrt E.50tL]YCCL3
229: ret

231:"
22"AREA SAMPLER-WALL':0 r73Uj-r730r7504r5fl;4r 52

23314V;-24H;T "sbSOURCE r'OER-20P"'
*-234: fmt 2910" uApper soanp1es.%';rt6.

239: fmt :301f0.05z, -
* c~2t6 for Kz1 tr WPH±r654r6&14rE714H

* LO8: for J00.5 to rJG by r67
239 s.c~ sb "RANGER'
240: wait au i0 - s "?READER''
2 41: w rt 6. &PGtENJ3r90 ;GLN r 9 0+ r 7 2r7 21 r73r7
242: r91+r0+r0fGN0r904*;"t rB:3

* 243: 03eV Ysb "SOURCE tMuYER-flF
244: next J
245: 0+H;-i1v40s "SO:URCE M'JVEF -F"

2471 r75 I1!*r?5!if r?5>=2 -ln253
248: N+24Nisb "RANGER RESET'
249: -2iH; -3+Y; st "SOURCE N'' EF 20''
250: -2+H; -340; sb "SODURCE NO" EF- UR
251: frit 0,20" lower samllp:3"Ww'rt 6.4
252: 'to 236
250: f't 4,/," avi -"nPl'-"Pf 10.0Y "+-";,fS. 0

* 254: for 0=1 to r73'' CC) r72/r73)t2fr2or521ne. 0
255: r72/r7S4r53 rS it r73rr92''rTS)+r54
256: wrt 6.4,rSCpr54
257: N+54K;ssb "RANGER RESET''
258: ret
259:"
260:"

*261: "ALIGN/FOCUS":
262: dsp "CONTINUE if reference foc'ased'1 stp
263: ret
264:
265: "RANGER RESET':

* -~ 266: DC tJ )C irnt (C'16.'4r0 i nt((C:-1 6rfi) :*r 1
267: irtA(C-16r-8rI)/4)4r2 irnt((C:-16rO-8r1-4r2,'z2)rS

* 268; int(C:-irO-8r-42-2r3)-tr
- ~269: fr't 1i5f-1.0;f:'- 'dsp Mr0~r'r2, r3,r4

270: for 1=0 to 4
£271: if rI=0;lr[,i'P 2

272: if rlIOrI
273: next I
274: wrt 723, "OBY 7" a, O 1~pI r192Pr2p 3sr3 4 9rM4P"T"
275: ret

- 276:

20



2771 "AiREA SAMPLER--PERK":I0' rTT%04r721 FIr99 14r56
276' -1 eN; I "tY l' 'SOULE .2M1lV'EF-1R"
279: t pt 20/p"/ Peak SampIes's/hwrt6.
280: fi4 10~10.0mz
281: for Y>1 to 3 14r5734r531*r9 1-*H
282: if fr 'K/£'=& 3er57 1->r58 - 14r59;-1411
2031 f or jr57 tc rM by r59
284: ssb "RANGER'"
285: ai '211 onr;3sb 'READER"'
236: '.wrt* S. 3GEU r90iGEN 3r9O+rTT-#r77; IfrPQMrT
287: r91 + %5 59GE N 2 rCieE0rTS
2883: 01Y0mb "SOURCE MovErP 1"
2391 next J
290: 0+&-1-*\90s "SOURCE NU"EP-1R"
291: wrt 6; next K:
29?0 N+? 4N; sb "RANGER RESET'
293: fm't 4, 1/9" Avg Peak saurlv- f 10.ug~ +-Mf.0

294: for 0=1 to r08; M:~Ec * r *:/0)1'3r5C-*5Gri ::t 0
295: r77/r78-*r6;E3r55/r7S+V(r9R'r73)Cr69
296: r%'+PE L 3; rMA-CE L 3
297: b.rt '-.4'FRELJEL)
298: ret
299:
300'"PLOT-PEAK WALL AREA GFF{HS":

30, p"RDY~T PLOITTER FOR~ PFH GRAPH"; strs
302: iritQr r0rrRht :3 ,8

3'03: scli r85' r86-'Cl fxj 0
3041 xoax 11,. r'gr,001;gt '. 85+r36/0,. 1s1
3:35: csi 2 ,0; 11 "WAVE-LEiGTH"'

307: lbi "IR OUTPUT"'
308' P1t rS'5sh1-2hA1t rS'E 1-a';pt rS~sOn-2hAt r80,00s
309: :ax1'2 E* I :'r79
310: f or I1=1 to L-I ; P-it WE 13, RE I I/'r79, -2; next I
311: dsp "READY PLOTTER for WALL GRAPH"; str-
312: for 1=1 to L-1 pit WElls E I E 3/r79,-2; next 1
313: ret
314: "ERROR BAR":
315: Plt i'lLI EE I 3c(SE I MhE 1)), -2

317: Pit WET LEE Ils~-2
318' P1t WE I JpEE I -(EE1)-YE I 3)-2
319: Pcir; cp1t -. 33;-. 25 Ibi "-'1 cp1t -. 67s.*25
320' P It WE I I ,EE 13 3 -2
.321' ret
322: "PLOT-EMS1331 Y 1 GRRPN'!
323: dsp "READY PLO:TTER FOR EMISS'I'ITYV GRAPH";stp
324: for 1=1 to L-i1
325: rdt WEI3,E 13; 2
326: ssb "ERROR EAR"
327: n ext I
228: ret
*2455

21



REFERENCES

1. J.C. DeVos, Physica, 20, 669 (1954)

2. M. Bramson Infrared Radiation, First Edition (Plenum Press,
New York 1968) p.256

3. J. Ganjei, Naval Research Laboratory, Chemistry Division,
In-House Analysis

4. D. DeWitt, R. Taylor, and P. Johnson, Spectral Emissivity of
Ceramics at High Temperatures, ASME 18th National HeatTransfer Conference, Aug 1979

5. R. House, G. Lyons, W. Askwyth, Measurements of the ThermalRadiation Properties of Solids, (J.C. Richmond, Editor) , ..

NASA SP-31, 1963, pp.343-355

6. L. Latyev, V. Chekhovskoi, E. Shestakov, High Temperatures-
High Pressures, 2, 175-181 (1970)

4T

9' 7

22

[:U



IL

III

D~IC


